for 12 hours. Resin was then washed with DCM (x3), DMF (x3) and then resuspended in DMF. Diaminopropane (416 µL, 5 mmol, 10 eq) was then added, and the reaction mixture was allowed to rotate for an additional 12 h. Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Fmoc-Gly-OH or Fmoc-Pro-OH (1.5 mmol, 3 eq) was then added, followed by the addition of HBTU (0.57 g, 1.5 mmol, 3 eq), DIPEA (424 µL, 2.5 mmol, 5 eq). The coupling reaction was allowed to proceed on the LabQuake rotator for 1h, washed with DCM (x3), DMF (x3) and then deprotected for 1 h using 20% piperidine/DMF solution (10 mL). Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Fmoc-Cys(Trt)-OH (0.88 g, 1.5 mmol, 3 eq) was then added, followed by the addition of HBTU (0.57 g, 1.5 mmol, 3 eq), DIPEA (424 µL, 2.5 mmol, 5 eq). Coupling reaction was allowed to proceed for 1 h. Beads were then washed with DCM (x3), DMF (x3) and then deprotected for 1 h using 20% piperidine/DMF solution (10 mL). Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Lastly, indole-3-carboxylic acid (0.27 g, 1.5 mmol, 3 eq) was added, followed by the addition of HBTU (0.57 g, 1.5 mmol, 3 eq), DIPEA (424 µL, 2.5 mmol, 5 eq). Coupling reaction was allowed to proceed for 4 h, then washed with DMF (x3) and DCM (x3). Products were cleaved for 1 h in 15 mL of 1%TES/30%TFA solution in DCM. Filtrates were collected, dried and purified by precipitation in chilled ether (-20°C).
Synthesis of difunctional thiol, acyl hydrazone-containing building blocks B1 and B2.
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Wang resin (0.9 mmol/g, 100-200 mesh, 0.55 g, 0.5 mmol, 1 eq) was washed with DCM (x3), DMF (x3) and then resuspended in DMF. CDI (0.81 g, 5 mmol, 10 eq) was added to the reaction vessel, and the reaction mixture was allowed to rotate on a LabQuake rotator for 12 h. Resin was then washed with DCM (x3), DMF (x3) and then resuspended in DMF. Diaminopropane (416 µL, 5 mmol, 10 eq) was then added and the reaction mixture was allowed to rotate for an additional 12 h. Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Fmoc-Cys(S-t-Bu)-OH (0.65 g, 1.5 mmol, 3 eq) was then added, followed by the addition of HBTU (0.57 g, 1.5 mmol, 3 eq), DIPEA (424 µL, 2.5 mmol, 5 eq). Coupling reaction was allowed to proceed on a LabQuake rotator for 1 h, washed with DCM (x3), DMF (x3) and then deprotected for 1 h using 20%
piperidine/DMF solution (10 mL). Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Fmoc-Gly-OH or Fmoc-Pro-OH (1.5 mmol, 3 eq) was then added, followed by the addition of HBTU (0.57 g, 1.5 mmol, 3 eq), DIPEA (424 µL, 2.5 mmol, 5 eq). Coupling reaction was allowed to proceed for 1 h, washed with DCM (x3), DMF (x3) and then deprotected for 1 h using 20% piperidine/DMF solution (10 mL).
Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Lastly, 4-carboxybenzaldehyde benzoylhydrazone hydrochloride (0.46 g, 1.5 mmol, 3 eq) was added, followed by HBTU (0.57 g, 1.5 mmol, 3 eq) and DIPEA (697 µL, 4.0 mmol, 8 eq). Coupling reaction was allowed to proceed for 12 h, washed with DMF (x3) and DCM (x3). Finally, peptides were cleaved for 1 h in 15 mL of 1%TES/30%TFA solution in DCM. Filtrates were collected, dried and purified by precipitation in chilled ether (-20°C).
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Synthesis of acyl hydrazine-containing building blocks C1 and C2.
Wang resin (0.9 mmol/g, 100-200 mesh, 1.11 g, 1 mmol, 1 eq) was washed with DCM (x3), DMF (x3) and then resuspended in DMF. CDI (1.62 g, 10 mmol, 10 eq) was added to the reaction vessel and the reaction mixture was allowed to rotate on a LabQuake rotator for 12 h. Resin was then washed with DCM (x3), DMF (x3) and then resuspended in DMF. Diaminopropane (832 µL, 10 mmol, 10 eq) was then added and the reaction mixture was allowed to rotate for an additional 12 h. Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Fmoc-L-GluOMe (1.15 g, 3 mmol, 3 eq) was then added, followed by the addition of HBTU (1.14 g, 3 mmol, 3 eq), DIPEA (848 µL, 5 mmol, 5 eq). The coupling reaction was allowed to proceed on a LabQuake rotator for 1 h, washed with DCM (x3), DMF (x3) and then deprotected for 1h using 20%
piperidine/DMF solution (20 mL). Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Fmoc-Gly-OH or Fmoc-Pro-OH (3 mmol, 3 eq) was then added, followed by the addition of HBTU (1.14 g, 3 mmol, 3 eq), DIPEA (848 µL, 5 mmol, 5 eq). The coupling reaction was allowed to proceed for 1 h, washed with DCM (x3), DMF (x3) and then deprotected for 1 h using 20% piperidine/DMF solution (20 mL). Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF.
Lastly, indole-3-carboxylic acid (0.53 g, 3 mmol, 3 eq) was added, followed by the addition of HBTU (1.14 g, 5 mmol, 3 eq) and DIPEA (848 µL, 5 mmol, 5 eq). Coupling reaction was allowed to proceed for 4 h, washed with DMF (x3), DCM (x3), THF (x3) and then resuspended in THF. Hydrazine hydrate (0.5 mL, 10 mmol, 10 eq) was then added and reaction vessel was allowed to rotate for 12 h. Resin was then washed with DMF (x3), DCM (x3). Finally, peptides were cleaved for 1 h in 15 mL of 1% TES/30% TFA solution in DCM. Filtrates were collected, dried and purified by precipitation in chilled ether (-20 °C) .
Synthesis of the resin-bound building blocks B1 and B2.
TentaGel Macrobead resin (MB300002, 0.27 mmol/g, 280-320 µm, 0.55 g, 0.15 mmol, 1 eq) was washed with DCM (x3), DMF (x3) and then resuspended in DMF. AnpOH (193 mg, 0.45 mmol, 3 eq) was then added, followed by the addition of HBTU (169 mg, 0.45 mmol, 3 eq), DIPEA (130 µL, 2.5 mmol, 5 eq). The reaction mixture was allowed to rotate for 4 h, washed with DCM (x3), DMF (x3) and then deprotected for 1 h using 20% piperidine/DMF solution (10 mL). Fmoc-6-Ahx-OH (158 mg, 0.45 mmol, 3 eq) was then added, followed by the addition of HBTU (169 mg, 0.45 mmol, 3 eq), DIPEA (130 µL, 2.5 mmol, 5 eq). The reaction mixture was allowed to rotate for 12 h, washed with DCM (x3), DMF (x3) and then deprotected for 1h using 20% piperidine/DMF solution (10 mL). Fmoc-Cys(S-t-Bu)-OH (193 mg, 0.45 mmol, 3 eq) was then added, followed by the addition of HBTU (169 mg, 0.45 mmol, 3 eq), DIPEA (130 µL, 2.5 mmol, 5 eq).
Coupling reaction was allowed to proceed on a LabQuake rotator for 1 h, washed with
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S7 DCM (x3), DMF (x3) and then deprotected for 1 h using 20% piperidine/DMF solution (10 mL). Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Fmoc-Gly-OH or Fmoc-Pro-OH (1.5 mmol, 3 eq) was then added, followed by the addition of HBTU (169 mg, 0.45 mmol, 3 eq), DIPEA (130 µL, 0.45 mmol, 5 eq).
Coupling reaction was allowed to proceed for 1 h, washed with DCM (x3), DMF (x3) and then deprotected for 1 h using 20% piperidine/DMF solution (10 mL). Resin was then washed with DCM (x3) and DMF (x3) and resuspended in DMF. Lastly, 4-carboxybenzaldehyde benzoylhydrazone hydrochloride (152 mg, 0.45 mmol, 3 eq) was added, followed by the addition of HBTU (169 mg, 0.45 mmol, 3 eq), DIPEA (207 µL, 1.2 mmol, 8 eq). Coupling reaction was allowed to proceed for 12 h, washed with DMF (x3) and DCM (x3). Finally, compounds were cleaved for 1 h in 15 mL of 1% TES/30%
TFA solution in DCM. Filtrates were collected, dried and purified by precipitation in chilled ether (-20 °C).
General protocols for exchange experiments
All exchange reactions were performed in 50 mM ammonium acetate buffer (pH=7.4) with 5.5% DMSO. Stock solutions of the building blocks were prepared as 200 mM stocks in DMSO and were stored in -20 ºC freezer in between the experiments. 1 M aniline stock solution was prepared in DMSO. 5% Thiopropanol stock solution was prepared in DMSO immediately before the experiment (for solution-phase disulfide exchange).
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Solution-phase hydrazone exchange:
To a 1.8 mL HPLC vial 1417.5 µL of the 50mM ammonium acetate buffer (pH=7.4) was added, followed by DMSO (63.5 µL), aniline (1 M, 15 µL, 10 mM, 37.5 eq), B1
(200 mM, 1 µL, 0.13 mM, 0.5 eq), B2 (200 mM, 1 µL, 0.13 mM, 0.5 eq), C1 (200 mM, 1 µL, 0.13 mM, 0.5 eq), and C2 (200 mM, 1 µL, 0.13 mM, 0.5 eq). Vials were sealed, vortexed and allowed to equilibrate for 3 days.
Solution-phase disulfide exchange:
To a 1.8 mL HPLC vial 1417.5 µL of the 50 mM ammonium acetate buffer (pH=7.4) was added, followed by DMSO (77.8 µL), A1 (200 mM, 1 µL, 0.13 mM, 0.5 eq), A2
(200 mM, 1 µL, 0.13 mM, 0.5 eq), B1 (200 mM, 1 µL, 0.13 mM, 0.5 eq), B2 (200 mM, 1 µL, 0.13 mM, 0.5 eq), and thiopropanol (5%, 0.7 µL, 0.267 mM, 1 eq). Vials were sealed, vortexed and allowed to equilibrate for 3 days.
Simultaneous disulfide and hyrazone exchange in solution (1:1:1:1:1:1 ratio):
To a 1.8 mL HPLC vial 1417.5 µL of the 50mM ammonium acetate buffer (pH=7.4) was added, followed by DMSO (61 µL), aniline (1 M,15 µL, 10 mM, 37.5 eq), A1 (200 mM, 1 µL, 0.13 mM, 0.5 eq), A2 (200 mM, 1 µL, 0.13 mM, 0.5 eq), B1 (200 mM, 1 µL, 0.13 mM, 0.5 eq), B2 (200 mM, 1 µL, 0.13 mM, 0.5 eq), C1 (200 mM, 1 µL, 0.13 mM, 0.5 eq), C2 (200 mM, 1 µL, 0.13 mM, 0.5 eq), and thiopropanol (5%, 0.7 µL, 0.267 mM, 1 eq). Vials were sealed, vortexed and allowed to equilibrate for 3 days.
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Simultaneous disulfide and hyrazone exchange in solution (10:10:1:1:10:10 ratio):
To a 1.8 mL HPLC vial 1417.5 µL of the 50mM ammonium acetate buffer (pH=7.4) was added, followed by DMSO (24.8 µL), aniline (1 M,15 µL, 10 mM, 37.5 eq), A1 (200 mM, 10 µL, 1.3 mM, 0.5 eq), A2 (200 mM, 10 µL, 1.3 mM, 0.5 eq), B1 (200 mM, 1 µL, 0.13 mM, 0.5 eq), B2 (200 mM, 1 µL, 0.13 mM, 0.5 eq), C1 (200 mM, 10 µL, 1.3 mM, 0.5 eq), C2 (200 mM, 10 µL, 1.3 mM, 0.5 eq), and thiopropanol (5%, 0.7 µL, 0.267 mM, 1 eq). Vials were sealed, vortexed and allowed to equilibrate for 3 days.
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RBDCC experiment (hydrazone exchange):
To a 1.5 mL eppendorf tube containing resin-bound B1 (1.69 mg, 0.4 mmol, 1 eq), 950
µL of the 50mM ammonium acetate buffer (pH=7.4) was added, and to this mixture aniline (1M, 15 µL, 15 mM, 37.5 eq) was added, followed by C1 (200 mM, 2 µL, 0.4 mM, 1 eq), and C2 (200 mM, 2 µL, 0.4 mM, 1 eq). Reaction vessel was allowed to rotate on LabQuake rotator for 1 week. Resin beads were then transferred into 1.2 mL peptide synthesis vessel and washed with water (x3), DMF (x3), THF (x3), CH 3 CN (x3), and resuspended in 400 µL of a 4:1 mixture of acetonitrile:methanol. Resin beads along with the acetonitrile-methanol solution were transferred into 1.8 mL screw cap grass vials.
Photolysis was carried out using 365 nm compact UV lamp (UVL-21, 4 watt) for 6-8
hours. In order to run HPLC analysis, sample (50 µL) was diluted with glass-distilled deionized water (150 µL).
RBDCC experiment (disulfide exchange):
To a 1.2 mL solid state peptide synthesis vessel containing resin-bound B1 (1.69 mg, 0.4 mmol, 1 eq), 950 µL of the 50 mM ammonium acetate buffer (pH=7.4) was added, followed by acetonitrile (50 µL), and thiopropanol (0.7 µL, 20 eq). Reaction vessel was allowed to rotate on a LabQuake rotator for 24 h. Resin beads were then washed with THF (x10), water (x10) and then resuspended in 950 µL of the 50 mM ammonium acetate buffer (pH=7.4). Resin beads along with the buffer were then transferred into 1.5 mL eppendorf tube, and to this mixture acetonitrile (48 µL) was added, followed A1 (200 mM, 2 µL, 0.4 mM, 1 eq). Reaction vessel was allowed to rotate on a LabQuake rotator for 1 week. Resin beads were then transferred into 1.2 mL peptide synthesis vessel and S11 washed with water (x3), DMF (x3), THF (x3), CH 3 CN (x3), and resuspended in 400 µL of a 4:1 mixture of acetonitrile:methanol. Resin beads along with the acetonitrilemethanol solution were transferred into 1.8 mL screw cap grass vials. Photolysis was carried out using 365 nm compact UV lamp (UVL-21, 4 watt) for 6-8 hours. In order to run HPLC analysis, sample (50 µL) was diluted with glass-distilled deionized water (150 µL).
Simultaneous RBDCC experiment:
To a 1.2 mL solid state peptide synthesis vessel containing following resin beads: B1 (0.9 mg, 0.2 mmol, 0.5 eq), B2 (0.9 mg, 0.2 mmol, 0.5 eq), 950 µL of the 50 mM ammonium acetate buffer (pH=7.4) was added, followed by acetonitrile (50 µL), and thiopropanol (0.7 µL, 20 eq). Reaction vessel was allowed to rotate on LabQuake rotator for 24 h.
Resin beads were then washed with THF (x10), water (x10) and then resuspended in 945 µL of the 50 mM ammonium acetate buffer (pH=7.4). Resin beads along with the buffer were then transferred into 1.5 mL eppendorf tube, and to this mixture aniline (1 M, 15 µL, 15 mM, 37.5 eq) was added, followed by A1 (200 mM, 10 µL, 2 mM, 5 eq), A2 (200 mM, 10 µL, 2 mM, 5 eq), C1 (200 mM, 10 µL, 2 mM, 5 eq), and C2 (200 mM, 10 µL, 2 mM, 5 eq). Reaction vessel was allowed to rotate on a LabQuake rotator for 1 week.
Resin beads were then transferred into 1.2 mL peptide synthesis vessel and washed with water (x3), DMF (x3), THF (x3), CH 3 CN (x3), and resuspended in 400 µL of a 4:1 mixture of acetonitrile:methanol. Resin beads along with the acetonitrile-methanol solution were transferred into 1.8 mL screw cap grass vials. Photolysis was carried out using a 365 nm compact UV lamp (UVL-21, 4 watt) for 6-8 hours. In order to run HPLC analysis, sample (50 µL) was diluted with glass-distilled deionized water (150 µL).
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HPLC Parameters
Injection volume: 40 µL (1:1:1 ratio) after 6 days of equilibration in the presence of thiopropanol at pH 7. 
